Experimental
2 vivaspin spin concentrators (Vivascience). Glycerol was added to 10% (v/v) and aliquots were snap frozen in liquid nitrogen before storage at -80˚C.
SDS-PAGE Gel and ESI-MS Spectra of KS Domains

WT BaeJ KS1
Figure S1: 12% SDS-PAGE gel of WT BaeJ KS1 and BaeJ KS1(N206A) post His-tag purification. 
General information
All chemicals were purchased from commercial sources and were used without further purification. Solvents were dried as described in the literature. 2 All reactions were carried out under an atmosphere of argon unless otherwise noted. 1 H NMR and 13 C NMR spectra were recorded on a Bruker dpx 400 (400 MHz/ 100 MHz) or
Bruker dpx 300 (300 MHz/ 75 MHz) spectrometer at room temperature. Chemical shifts were reported in parts per million (ppm) and the solvent residual peak was used as internal reference: 200.0928).
3-Methyl-2-(4-methyl-2-oxopentanamido)butanoic acid (15c)
Prepared from amide 14c (1.43 g, 4.48 mmol) according to the procedure described for acid 15a. 
S-2-Acetamidoethyl 2-(4-methyl-2-oxopentanamido)ethanethioate (2) 5
Carbonyldiimidazole (CDI) (1.47 g, 9.07 mmol, 1.2 eq.) was added to a stirred solution of acid 15a (1.41 g, 7.54 mmol) in anhydrous THF (30 mL) at room temperature. After 10 min N-acetylcysteamine (0.96 mL, 1.08 g, 9.05 mmol, 1.2 eq.) was added and the reaction mixture was stirred at room temperature overnight. The solvent was removed under reduced pressure and the residue was dissolved in EtOAc (20 mL). The organic phase was washed with water (3 x 5 mL) and brine (2 x 
S-2-Acetamidoethyl 3-methyl-2-(4-methyl-2-oxopentanamido)butanethioate (4)
Prepared from acid 15c (0.59 g, 2.56 mmol) according to the procedure described for thioester 2. 
S-2-Acetamidoethyl 5-oxohexanethioate (8)
Prepared from 4-Acylbutyric acid (1.00 g, 7.68 mmol) according the procedure described for thioester 2. 
S-2-Acetamidoethyl 4-oxopentanethioate (6)
Prepared from levulinic acid (0.50 g, 4.30 mmol) according to the procedure described for thioester 7 in anhydrous CH 2 Cl 2 (50 mL 
2-(2-hydroxy-4-methylpentanamido)acetic acid (20)
Prepared from benzyl ester 19b (0.87 g, 3.11 mmol) according to the procedure described for acid 15a.
Hydrogenation was performed in anhydrous methanol (10 mL), yielding in the desired acid 20 (0.58 g, 88%) as Scheme S1: Synthesis of N-acetylcysteamine (SNAC) thioester 9. 
S-(2-acetamidoethyl
SNAC Acylation Assays
Acylation reactions were conducted in storage buffer (25mM Tris, 0.5M NaCl, 10% (v/v) glycerol, pH 7.6).
SNAC-thioesters were incubated with KS domains at a final concentration of 0.5mM for comparative substrate studies. The Michalis-Menton treatment of KS1 with (2) required a range of SNAC-thioester concentrations.
Both WT BaeJ KS1 and BaeJ KS1(N206A) were maintained at 80μM for acylation assays. To ensure the SNAC-thioesters remained in solution, the concentration of DMSO was adjusted to 5% (v/v). Acylation reactions were allowed to run for various periods of time between 0-10mins at 25°C, before quenching with 0.1% TFA. 
Sample Preparation for MS Analysis
Data Analysis
Denatured KS spectra obtained from acylation experiments (see section 4) were subjected to minimal smoothing and noise reduction. The spectra were deconvoluted using the transform function of MassLynx, taking an average of all charge states. Relevant peak intensities were recorded and converted into the concentration of [KS-SH] and [KS-acyl] respectively. Data was recorded in triplicate, and an average taken for kinetic plots.
Instrumentation
All experiments described within this study were analysed using a Waters SYNAPT™HDMS™, which is a hybrid quadrupole-ion mobility-orthogonal acceleration TOF instrument (oa-TOF), produced by Waters™. This instrument has multiple ionisation capabilities, of which nanoESI was utilised during this study. , TOF pressure: 1.6 x 10 -6 mbar. A quadrupole profile was applied which gave optimal transmission between 1000-3000 m/z. Spectra were acquired between 1000-4000m/z MassLynx™ 4.1 software was used to control the parameters of the SYNAPT, and allows data obtained to be manipulated in real-time. Spectra were generated from the raw data acquired and often smoothed, centered and noise reduced for analysis.
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Figure S6: Model of SNAC 2 covalently bound to active site Cys of WT BaeJ KS1. Residues Met268 and Leu450 are shown in teal, and highlight the steric hindrance they apply to the α-position of the substrate. Abbreviations: Bat, batumin; Bae, bacillaene; CC4, uncharacterized PKSs from Clostridium cellulolyticum; Chi, chivosazol; Dsz, disorazol; Ery, erythromycin; Kir, kirromycin; Lkc, lankacidin; Lnm, leinamycin; Onn, onnamide; Ozm, oxazolomycin; Ped, pederin; Psy, psymberin; Rhi, rhizoxin; SG, uncharacterized PKSs from Streptomyces griseus; Ta, myxovirescin; Tai, thailandamide; Vir, virginiamycin.
Modelling of BaeJ KS1 Binding Pocket
The homology model of BaeJ KS1 was constructed using the CPHmodel server 9 , using published KS structure PDB:2QO3 10 as a template. The SNAC substrate 2 was produced using the bound dodecanoic acid from PDB:1EK4 11 as a template. Figure S9 : Models of SNAC thioester 2 bound to BaeJ KS1. A). BaeJ KS1 with Asn206 able to form a hydrogen bond to the δ-carbonyl of SNAC 2 and to the backbone amide nitrogen of Leu450. B). In contrast, BaeJ KS1 with the carboxamide of the Asn206 residue rotated ~90° anticlockwise, which is now able to form a hydrogen bond with the β-amide nitrogen of SNAC 2. In both cases the thioester carboxyl is stabilized by an oxyanion hole formed by the backbone amide of Leu450, in addition to a potential stabilizing interaction with the backbone amide of Cys207. Dashed yellow lines designate distances between 2.4 -3.3Å. C). Surface representation of BaeJ KS1 binding pocket with SNAC 2. The distal region of the binding cleft provides space to accommodate the rest of the acyl chain.
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Michalis-Menten Treatment of WT KS1 and KS1(N206A) Figure S10 : Michaelis-Menten analysis of WT KS1 and KS1(N206A). Lineweaver-Burk plots for BaeJ KS1 WT and N206A are shown. Kinetic parameters were calculated from the plot using the equations shown, and errors were determined using a σ confidence interval. 
